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Abstract 
This paper presents a conceptual framework for developing explorative e-learning strategy using ontology-based knowledge 
management. It conducts a comprehensive analysis of the applicability of ontologies in management of knowledge, with a 
particular reference to the development of explorative e-learning environments for enhancing an efficient use and reuse of 
available information and knowledge in e-learning, leading to a better understanding of the main issues for developing effective 
explorative e-learning strategies in an e-learning environment. 
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1. Introductiona 
There have been significant developments in 
knowledge management, e-learning and ontologies in 
recent years. Knowledge as an enabler is usually 
defined as “a fluid mix of framed experience, values, 
contextual information, and expert insight that provides 
a framework for evaluating and incorporating new 
experiences and information” (Davenport and Prusak, 
1998). E-learning is knowledge intensive and various 
knowledge management activities namely knowledge 
dissemination, share, retrieval, and reuse are integral 
aspects of e-learning for successful transfer of 
knowledge from the experts to learners. It is well 
recognised that application of knowledge management 
techniques can enhance the access to quality learning 
resources. 
Phenomenal shift from the traditional learning 
setting to e-learning can be noticed since the 1990’s 
(Gallie and Joubert, 2004). Explorative learning 
strategy is recognized as one of the key strategies for 
effective e-learning based on the student-centred 
constructivist learning theory. In this regard, knowledge 
retrieval from alternative sources is one of the most 
crucial and integral aspects of the explorative e-learning 
process. It enables learners to acquire knowledge from 
alternative sources. Individual learners, by exploration, 
reflect their learning, assess their current state of 
knowledge, accumulate and refine their knowledge, and 
strengthen their foundation as they become more 
knowledgeable. Any inconsistencies in the 
                                                 
* Corresponding author.  E-mail: hepu.deng@rmit.edu.au 
understanding of fundamental theories and concepts are 
corrected in this way.  
There have been notable advancements for 
supporting learners in their knowledge acquisition 
processes exemplified by the developments from 
conventional general purpose search engines to multi-
engine search systems. Even though these search 
mechanisms help in enhancing the coverage and 
improving retrieval results, some of the problems 
encountered include information overload, relevancy, 
quality of context specific results, and so on. To address 
these shortcomings, the recent developments include 
development of metadata standards for describing 
resources on the web and improving the relevancy of 
information retrieval process. The latest development is 
in the area of semantic web technology aiming to 
enhance the relevancy and quality of search results 
from the resources on the web. Ontologies are the 
foundation for creating semantic web technology. They 
play a crucial role in creating semantic relationships 
between the concepts and learning objects and thereby 
improving the search results. Despite strident efforts to 
enable easy and fast access to learning object 
repositories, each of these studies concentrates on the 
specific requirement. Not much attention has been paid 
to manage knowledge in the context of authentic access 
to alternative learning resources in an explorative e-
learning context.  
This paper presents a conceptual framework for 
supporting explorative e-learners in their efforts to 
finding alternative resources on the web through 
ontology-based knowledge management. In what 
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follows, Section 2 presents the research questions and 
explains several related concepts. Section 3 conducts a 
review of relevant literature, followed by the 
development of a conceptual framework for developing 
explorative e-learning strategy using ontology-based 
knowledge management.  
2. Research Questions  
Advancements in information and communication 
technology have made e-learning a great success with 
increased intensity of competition among the education 
providers. Nevertheless, technological developments 
have proven to be a double edged sword. On one hand, 
it is a boon to the learning community in terms of 
enabling swift access to knowledge and information at 
any time from anywhere. On the other hand, it has 
augmented the problem of information overload and 
stalled the timely access to the relevant, context-
specific quality information which is always the key to 
effective learning.  
This phenomenon can be attributed to the vast 
information available on the Internet all over the world 
with its quick and easy availability within a few mouse 
clicks. As a result, individual learners often find 
themselves overloaded with too much information. 
Continuous updating of web pages only adds to this 
problem of information explosion on the web. Thus, the 
creation and distribution of knowledge via Internet on 
such a phenomenal basis has in fact effectively trapped 
the learner's ability to digest and filter the 
superabundance of information and knowledge. This is 
particularly true with respect to explorative e-learning 
scenarios. As a consequence, both researchers and 
practitioners in e-learning have been working tirelessly 
in investigating ways for providing and retrieving high 
relevance and high quality information on a timely 
basis.  
One of the most important issues arising from the 
technological revolution in e-learning is the optimal use 
of advanced technology for developing an efficient 
learning environment. In this regard, several issues 
warrant further investigation including (a) replication 
and redundancies of knowledge due to information 
overload, (b) a lack of transparency and authenticity in 
knowledge online, and (c) a lack of reuse of valuable 
knowledge, in particular tacit knowledge, obtained 
through experience and learning. It is obvious that the 
development of effective technological tools for 
facilitating the effective knowledge capture, reuse and 
distribution within learning communities is highly 
desirable.  
Tremendous efforts have been spent, and 
significant advances made in developing various 
information search and retrieval mechanisms for 
effective e-learning. These developments have 
improved the performance of search and retrieval 
mechanisms through the use of semantic metadata, 
ontology, and semantic web technology. They, however, 
have not yet been used to their full potential in an 
educational scenario. A review of existing literature 
shows that there is a gap in between theory and practice 
with respect to the application of ontology in an 
explorative e-learning context embracing knowledge 
management techniques due to the distributed nature of 
information and knowledge and the lack of specific 
authentication and verification mechanisms.  
To address this gap, this paper presents a 
conceptual framework for supporting explorative e-
learners in their efforts to finding alternative resources 
on the web through ontology-based knowledge 
management. The main research question in this 
context is: how does one develop a methodology to 
assist exploratory e-learners in their quest for 
authenticated, alternative quality learning resources 
from the Internet to create an effective e-learning 
environment? More specifically, a number of subsidiary 
questions can be asked: (a) what are the existing 
ontology-based strategies and factors to facilitate 
knowledge requirements of the exploratory e-learners?  
(b) what are the associated ontology-based tools and 
techniques in management of knowledge, in particular 
acquisition, evaluation and dissemination processes? (c) 
what can be done to improve the existing standards in 
providing validated quality resources to learners?    
In this background this paper explores the 
potentials of ontologies and associated factors and 
develops a conceptual framework for an ontology-based 
knowledge management support to enhance authentic 
information access to facilitate the development of an 
effective explorative e-learning environment. This, in 
combination with semantic web technology may not 
only provide an effective way to facilitate context 
specific information gathering processes for individual 
learners, but it may also help in organization, 
authentication and verification of the source of the 
information and knowledge in the interactive learning 
process. To facilitate the development of such a 
conceptual framework, a number of key concepts 
including knowledge management, e-learning, learning 
object metadata, semantic metadata and ontologies are 
briefly discussed below.  
Knowledge Management is often referred to as 
“formalisation of experience, knowledge and expertise 
to create capabilities, to enable superior performance, 
innovation and enhanced customer value” (Beckman, 
1997). E-learning encompasses a learner-centred 
environment that “integrates technologies to enable 
opportunities for activities and interaction in both 
asynchronous and real-time modes with aspects of 
campus-based delivery and distance education” (Volery 
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and Lord, 2000). Metadata is defined as “any data 
which conveys knowledge about an item without 
requiring examination of the item itself” (Haase, 2004). 
It has gained its popularity with the invention 
computers and the World Wide Web as a technique to 
facilitate efficient management, discovery and retrieval 
of information. Metadata contains structured 
information about information or learning object. 
Metadata creation with the formal description of the 
content, context and structure of web resources 
(Marshall et al., 2003) is fundamental to the idea of 
semantic web. Metadata could be either subjective or 
objective (Hodgins, 2000). Objective metadata includes 
factual information such as author, subject, date etc. 
Subjective metadata includes items such as annotation 
and keywords, which are very valuable in accessing 
learning objects. Importance of subjective metadata has 
been recognized (Hodgins, 2000; Recker and Wiley, 
2001), for reuse and context specific retrieval of 
learning objects. Semantic metadata is defined as “the 
process of attaching semantic descriptions to web 
resources by linking them to a number of classes and 
properties defined in ontologies” (Scerri et al., 2005). 
Through the use of ontological structure, semantic 
metadata has proven to be superior due to its flexibility, 
human readable and machine processable prosperities 
(Al-Khalifa and Davis, 2006). 
A learning object is any chunk of learning material, 
regardless of whether it is a small piece or whole 
content. Learning objects are sometimes referred to as a 
document. An important component of learning object 
is learning object metadata (LOM) (Brase and Nejdl, 
2003), or resource profiling (Downes, 2004) to facilitate 
standardization of learning resources. LOM provides a 
set of standard elements to describe learning objects in 
order to enable sharing and reusability of learning 
resources and facilitate faster access to relevant learning 
resources. The objective of learning objects is, once 
created they can be retrieved and reused. Semantic 
description of learning object through metadata 
descriptions is the key factor which supports the 
interoperability and reusability characteristics of LO.  
An ontology is a “formal and explicit specification 
of a shared conceptualization” (Gruber, 1995). In a 
broader sense, ontology is defined as a 
conceptualization of a domain into a human-
understandable, but machine readable format consisting 
of entities, attributes, relationships and constraints 
(Fensel, 2002). Many researchers (Gruber, 1995; 
Guarino, 1997; Fensel, 2002) have extended this 
definition to include elements such as the explicit 
description of concepts in a specific domain and shared 
understanding. The core characteristic of ontologies is 
that they enable reusing and sharing of critical 
knowledge. Ontologies have the potential to facilitate 
the creation of semantic relationships between various 
pieces of relevant and useful information, which is the 
backbone of semantic web, to enhance the learning 
experience in an e-learning environment. Ontologies 
can also facilitate provision of consistent vocabulary 
and word representation for clear communication 
within knowledge domain. Ontologies have been 
widely applied in the context of integration and 
representation of various knowledge resources 
(Berners-Lee et al., 2001). Machine readable metadata 
and semantic web are increasingly used to enhance the 
information access facility.  
Ontologies play a major role in knowledge 
management, e-learning and information retrieval. 
Various knowledge management activities such as 
knowledge acquisition, organization, retrieval and reuse 
are effectively managed through the use of ontologies 
(Studer et al., 2001; Horrocks and Hendler, 2002). The 
importance of exploiting the potentials of knowledge 
management and ontology to augment in effective e-
learning is well recognized (Mitri, 2003; Ronchetti and 
Saini, 2004). The most typical kind of ontology for the 
Web has a taxonomy and a set of inference rules” 
(Berners-Lee, Hendler and Lassila, 2001). Apart from 
the LOM and semantic metadata, annotation (Jovanovic 
et al., 2006), is considered to be important factor for 
fostering and enhancing reusability and enabling easily 
searchable learning objects.  
In the recent years there has been a growing interest 
in the use of ontologies for facilitating fast and quality 
information retrieval in an e-learning context. 
Researchers (Gonzala et al., 1998; Staab, 2004; Hatala 
et al., 2005; Richards and Hatala, 2005; Berri et al., 
2006a; 2006b; Mao et al., 2006) propose using semantic 
relationships between concepts through ontology-based 
knowledge structure and query expansion, recognising 
the importance of providing context specific access to 
information for effective learning. Ontology-based 
retrieval is expected to perform superior in providing 
more accurate and comprehensive results due to the 
context specific semantic nature of the query and clarity 
in the scope of the query derived from ontology. Also, 
ontologies facilitate interoperability and thereby 
enabling effective search results of learning resources 
(Berri, Benlamri and Atif, 2006b). A focused crawling 
strategy based on ontologies is suggested (Chakrabarti 
et al., 1999; Maedche et al., 2002) for improving the 
query based results from the information retrieval 
systems. Considering more and more e-learning 
resources are decentralized and not effectively reused, 
an ontology-based tool suite namely Courseware 
Watchdog (Tane et al., 2004) is suggested for 
supporting learners in finding and organizing learning 
objects through semantic web. Ontology-based 
description of learning objects facilitates software 
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agents to search from not only distributed sources in the 
web but also heterogeneous sources (Keleberda et al., 
2006). Berri (2006) proposes ontology-based 
framework for accessing learning resources distributed 
over the web by taking into account the technical 
environmental constraints of a mobile learner. Topic 
maps for learning (TM4L) (Wang et al., 2007) is an 
ontology-based e-learning repositories based on topic 
maps for managing learning resources.  
Other noteworthy developments in use of 
ontologies to handle the interoperability issue and 
access to learning resources on the internet in e-learning 
context include initiatives by National Science Digital 
Library Project (www.nsdl.org), IMS Digital 
Repository Interoperability Group, eduSource Project 
(www.edusource.ca) in Canada, Smart Spaces for 
Learning (Simon et al., 2003), and the Open Knowledge 
Initiative (www.mit.edu/oki).  
Technologies for ontologies include XML 
(extensible mark-up language), RDF (Resource 
Description Framework) and OWL (Ontology Web 
Language). These three technologies are widely 
accepted standards for semantic web for structuring 
information and building ontologies (Berners-Lee, 
Hendler and Lassila, 2001; Hendler, 2001). Some of the 
software tools available for building ontologies include 
OntoEdit and Protégé 2000 which has a GUI and 
follows the standards of ontology representation in 
Semantic Web.  
Despite advancements in technology to facilitate e-
learning, there is only a limited support in reality to 
satisfy the exploratory learning requirement of learners. 
Although research and development in the application 
of ontologies based on semantic relationships between 
concepts to cater to information needs have advanced, 
there is a gap in the literature with respect to fine tuning 
of information access to learners, in terms of 
management of learning resources in the context of 
authentic access to alternative learning resources. In 
this background, the objective of this research is to 
develop a conceptual framework incorporating the 
validation aspect and knowledge management 
techniques in combination with the ontology structure 
to fill this gap.  
3. E-learning, Knowledge Management and 
Information Retrieval 
Support for this research comes from pedagogical 
theory and learning theory and in particular Papert’s 
constructionist theories (Papert, 1990). The constructive 
models of learning that revolves around the learner’s 
knowledge construction are in agreement with the e-
learning philosophy of self-centred and self-guided 
learning. The constructivist knowledge building process 
is described as a “cycle of internalization of what is 
outside, then externalization of what is inside” (Papert, 
1990) and is very much pertinent in an e-learning 
context. The constructivist learning represents a 
paradigm shift from the traditional teaching approach 
based on cognitive theories (Bruner, 1960; Vygotsky, 
1978). Learning is a process of continuous and active 
construction and reconstruction of experiences (Dewey, 
1938). Technology can pave the way for a constructivist 
approach to learning and is capable of reforming the 
current educational pedagogy (Savery and Duffy, 1995; 
Scardamalia and Bereiter, 1996). The key for 
constructivist approaches to learning (Bonk and 
Cunningham, 1998) is to provide access to rich 
authentic and alternative sources of information. 
One of the key strategies for effective e-learning 
explorative learning is to promote a student-centered 
learning environment. The learner learns through active 
exploration by uncovering inconsistencies in 
understanding and experience (Dalgarno, 2001). 
Meaningful learning requires reflection (Or-Bach, 2005) 
and learners should have some mechanisms to support 
this meaningful learning process. Evidence suggests 
that reflection activities help learners in refining their 
understanding and reinterpret the previously 
accumulated knowledge (Or-Bach, 2005). One of the 
key catalysts for exploratory e-learning strategy is to 
provide access to alternative resources, through 
knowledge management processes. Existing literature 
exhibits semantic knowledge representation (Delteil et 
al., 2001) and context based approach for knowledge 
management as an effective technique for accessing 
information on the Internet (Theodorakis et al., 2002).  
Here, it is important to comprehend the relationship 
between knowledge and information and tacit 
knowledge and explicit knowledge in a learning context. 
Learning is described as a progression from data to 
information and then to knowledge and wisdom, and is 
a continuum with grey areas overlapping between them 
(Teo and Gay, 2006). Knowledge “is the capacity to act 
effectively” and information is “anything that can be 
digitized” (Dawson, 2000). In a learning environment, 
the difference between knowledge and information is 
relative. Mental models and tacit knowledge are 
transferred to students through dialogue, discussions 
and lectures. Knowledge is context specific and 
dynamic and relational (Nonaka et al., 2000) and 
without reference to context it is just information. 
Information becomes knowledge in a given context and 
when cognition takes place. Explicit knowledge 
becomes tacit when learners internalize information 
through various means. Both tacit and explicit 
knowledge complement each other (Nonaka et al, 2000) 
because, written speech is possible only after the 
internal thought processes are  well developed 
(Vygotsky, 1978).  
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The important components of knowledge 
management are people, content, culture, process and 
technology (Phillips, 2000). In a learning context, 
learners and teachers take the role of creating, sharing 
and re-using knowledge. Content includes context 
specific, relevant and authenticated knowledge, and 
information to be shared and managed. A culture of 
sharing is crucial to the success of knowledge 
management in a learning environment. Processes 
include acquisition, organization, authentication and 
retrieval of knowledge, which are crucial for successful 
transfer of knowledge for both learners and teachers. 
Technologies such as communication technology, 
collaborative technology, artificial intelligence and 
business intelligence play the role of enabler and 
facilitator in a learning environment. This will facilitate 
creation of knowledge repository that is required in a 
learning environment from various sources. Knowledge 
management techniques can support many knowledge-
building and knowledge conversion processes in the 
learning environment. Authentication can be achieved 
through the validation of collected knowledge based on 
information provided by the experts in the domain area.  
Considering that the WWW is the world’s largest 
knowledge base, it is a challenge to manage such a fast 
growing resource. Estimation of the size of the web by 
various researchers (Lawrence and Giles, 1999; Bharat, 
2000) comes close to over a billion pages. Delivering 
relevant learning resources to learners is considered to 
be an important aspect of exploratory e-learning 
(Biletskiy et al., 2004) to create an effective learning 
environment.  
Information retrieval tools have become a great 
boon to filter the exponentially growing information on 
the web. Since the inception of the Internet in the early 
1990’s information retrieval systems or internet search 
engines have evolved from simple keyword matching, 
such as world wide worm (Mcbryan, 1994; Li et al., 
2002) to techniques such as personalization of search 
engines (Fan et al., 2000) via query modification and 
user’s query mining techniques to improve the precision 
of the search results. A large body of research exists on 
the information retrieval system, in particular, multi-
engine search services to search information from the 
web (Etzioni and Weld, 1994; Dreilinger and Howe, 
1997; Sugiura and Etzioni, 2000). These multi-engine 
search services combine the search results from various 
search engines and provide it to the user in a consistent 
uniform interface. It is estimated that the coverage has 
increased to 42 percent by combining 11 major search 
engines (Lawrence and Giles, 1999). Improvements 
include embedding context to the search, and 
categorization and personalization of the search.  
One of the major limitations of keyword based 
search such as Google, meta-search engine and multi-
engine search to knowledge retrieval is the loss of true 
context of the search, resulting in low precision results 
as they do not consider relevance or specificity and 
context of the query. To overcome this limitation many 
researchers (Haase, 2004; Al-Khalifa and Davis, 2006) 
propose the use of metadata to enable efficient 
information retrieval. It has been recognized that 
searching for resources would be inefficient without 
metadata information. Metadata is to describe the 
content, format, and other related elements of an object 
and to facilitate the information retrieval process. One 
of the critical aspects of metadata is standardization. To 
overcome the standardization issue, various metadata 
standards have been developed for learning objects 
namely Dublin Core, IEEE LOM (Duval, 2002), IMS 
Learning resource meta-data, SCORM (Shareable 
Content Object Reference Model) and Cancore.   
Dublin Core (Nejdl, 2002; Brase and Nejdl, 2003) 
is one of the most well-known vocabularies containing 
13 elements such as title, creator, data, publisher, 
subject etc, to support information retrieval. However, 
Dublin Core elements do not help much when one looks 
for a context specific learning environment as it gives 
very little information about the subject. Also Dublin 
Core does not include the relevance ranking of retrieved 
sources. In an e-learning context, IEEE LOM (Duval, 
2006) standard is widely accepted due to the flexibility 
in the standard in terms of extending and adding new 
data elements. IEEE-LOM has 80 fields arranged in 
taxonomical structure with categories such as 
educational, general, annotation and so on.  
There is no doubt that these standards have 
improved the precision rate of search results and 
enabled retrieval, share and reuse of learning resources. 
However, these standards are confined to simple 
structure and are still based on the basic information 
retrieval technique with term based metadata search and 
thus, lack of context specific relevant results. As a 
result researchers (Stojanovic et al., 2001; Huang et al., 
2003) have proposed ontology-based semantic web 
technology to facilitate and enhance management of e-
learning resources. Nevertheless, the extent of use of 
ontology-based knowledge management techniques to 
assist explorative e-learners in accessing context-
specific, quality, authenticated learning resources is 
limited. In this background, this research is to develop a 
conceptual framework for providing easy and fast 
access to context specific quality authentic learning 
resources through ontology-based knowledge 
management support.   
 
 
4. A Conceptual Framework  
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 Figure 1 shows a conceptual framework. It is 
formulated to comprehend the processes in the creation, 
evaluation and dissemination of an ontology-based 
learning resource management in an exploratory e-
learning context. The framework encompasses four 
crucial components for effective exploratory e-learning 
namely the knowledge management, learning, ontology 
and authentication. The knowledge management aspect 
includes various knowledge management activities 
required for provision of alternative learning resources 
to e-learners. The ontology aspect includes a range of 
instrumental elements such as LOM, annotation and 
creation of semantic meta-data ontology structure for 
enhancing knowledge management activities. 
Authentication aspect processes the validation part of 
the approach by using the inference rule and 
authentication profile knowledge base. Learning aspect 
includes provision of authenticated resources to learners 
in forms preferred by learner’s namely navigational 
resource access and search by query resource access.  
The instrumental factors for developing ontology-
based knowledge management include annotation of 
learning objects, semantic metadata in terms 
relationship between concepts such as prerequisite, 
part-of, co-requisite to facilitate knowledge acquisition, 
organisation and dissemination features in an e-learning 
context. In addition to the above factors, authenticator 
factor is introduced to enable evaluation, reusability and 
other aspects of knowledge management and provide 
access to validated learning objects to learners. 
In this framework, the search query in the learner 
component is gathered either through the keyword-
based or through the navigational path and is extended 
for specificity of the context through ontologies based 
on semantic metadata. This refined query is processed 
through the information retrieval system. The learning 
objects are returned from the web. The returned results 
are further checked for authenticity and are provided to 
the learners. The returned result contains just not the 
link but also annotation, relevancy rating to the query, 
level of the resource and type of resource and 
relationship. This additional information will enable the 
learner to choose the appropriate learning object to 
investigate without wasting time in exploring the 
relevant resources. 
The ontologies component has two subsets. One is 
the ontologies structure for a specific domain or a 
course. Ontologies are created based on the semantic 
relationship between the concepts such as part-of, pre-
requisite, is-a, co-requisite and so on. This facilitates 
refinement of the query, and thereby, includes all the 
subordinate concepts that a learner is required to learn 
for getting a strong foundation in the chosen learning 
object. This in combination with LOM creation based 
on IEEE LOM standards would help in the query 
process, as the elements of LOM such as annotation; 
subject area will enable access to better quality of 
learning resources. Also some of these elements will be 
rendered to the learner for choosing appropriate 
learning resources for dissemination. The ontology 
layer, on top of the metadata layer, will enable 
providing extension to the query vocabularies by the 
links between concepts which would be unrelated in 
classical search systems. This facilitates retrieval of 
context specific relevant learning resources and reduces 
the information overload problem. By adding 
authentication layer within the ontology structure, the 
learners can have access not only to relevant learning 
resources but also authenticated learning resources to 
build mental models in their learning process. However, 
in this approach the authentication layer is kept 
separately for effective knowledge management 
processes and flexibility for domain experts to validate 
the resources.   
The Authentication component has a rule 
knowledge base and an authentication profile 
knowledge base. Authentication profile contains 
various parameters set by the teacher and the domain 
expert. This can either be generated manually through a 
simple interface by the domain expert or semi-
automatically generated from the learning objects. The 
final confirmation, however, has to come from the 
domain expert for authentication. The rule knowledge 
base represents a set of authentication rules to validate 
the learning object. This enables refinement of the 
results before rendering it to the learner.  
The knowledge management component includes 
various activities such as knowledge acquisition, 
classification and dissemination activities before storing 
in the local learning object repository (LLOR). With 
respect to knowledge acquisition, the authenticated 
refined results are processed for creation of ontology 
structure, LOM capture, content capture and 
terminology capture with some input from the domain 
expert. Each of the learning resources is classified 
based on both the LOM and ontology structure. In this 
context of knowledge classification, ontologies can play 
a crucial role for maintenance of LOR and conversion 
of open resources for reusability purpose. In regards to 
knowledge dissemination, the retrieved results are 
stored locally within the course website for both 
distribution either through ‘push’ or ‘pull’ technology 
and for reuse. Learners can have access to both 
navigational view and overall view based on the 
ontology structure. Reusability of learning objects will 
be more effective through this approach in exploratory 
e-learning context.  
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Figure 1. A Conceptual Framework for Ontology-based Knowledge Management 
 
The knowledge management component includes 
various activities such as knowledge acquisition, 
classification and dissemination activities before storing 
in the local learning object repository (LLOR). With 
respect to knowledge acquisition, the authenticated 
refined results are processed for creation of ontology 
structure, LOM capture, content capture and 
terminology capture with some input from the domain 
expert. Each of the learning resources is classified 
based on both the LOM and ontology structure. In this 
context of knowledge classification, ontologies can play 
a crucial role for maintenance of LOR and conversion 
of open resources for reusability purpose. In regards to 
knowledge dissemination, the retrieved results are 
stored locally within the course website for both 
distribution either through ‘push’ or ‘pull’ technology 
and for reuse. Learners can have access to both 
navigational view and overall view based on the 
ontology structure. Reusability of learning objects will 
be more effective through this approach in exploratory 
e-learning context.  
The typical scenario is described as follows. 
Imagine that a learner is in the process of learning a 
complex case tool namely Oracle designer. In order to 
develop a model using the tool, the learner needs to 
learn all the prerequisite and co-requisite, part-of and 
necessary concepts to have a full understanding of the 
subject. In this example a small section of ontology is 
developed for learning Oracle designer is presented in 
Figure 2.  
Assuming that a learner is interested in learning to 
use Oracle designer to develop a higher order entity 
relationship model (HERM). To achieve that objective, 
the learner needs to understand all the prerequisite, co-
requisite, part-of, essential part-of concepts as shown in 
the section of ontology structure in Figure 2. Some of 
the prerequisite concepts include the basic entity 
relationship model which in turn requires knowledge on 
entities, relationships, attributes, key components of 
attributes such as unique identifiers and foreign keys 
and the problems with using classical ERM. Essential 
part-of HERM relationship includes concepts like 
entities, clusters, first order relationships, higher order 
relationships, simple attributes, integrity constraints, 
and so on. Necessary part-of relationship includes ER 
diagrammer and associated concepts.  
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Figure 2.  Sample Ontologies for Learning HERM Model 
 
As per this framework, the steps involved in 
providing a context specific learning object are as 
follows. First the learners query, either through 
navigational approach or query based approach, is 
extended based on the semantic relationship between 
the learning objects in terms of prerequisite, co-
requisite, part-of and similar relations based on the 
ontological structure. Second, LOM in combination 
with the ontology-based extended query is sent to the 
standard information retrieval system. Third, the 
retrieved results are filtered for validation through 
authentication process. The validated results go through 
knowledge management process for creation, 
classification and dissemination of learning resources 
with ontologies playing critical role in each of the 
knowledge management activities. Finally identified, 
authenticated, classified resources are then populated to 
the local learning object repository collection with 
LOM details including annotation, relevancy rating in a 
given course and other required extension elements to 
facilitate differences in learning levels, styles and types 
of resources. This framework also proposes facilities to 
enable learners to populate new learning resources as 
useful to a particular context, however pending 
authorization from the domain expert.  
Once the local LOR contains comprehensive 
coverage of authenticated resources, reusability of 
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authenticated resources becomes possible and students 
can use the local search agent to search the local 
learning repository rather than wasting time in 
searching on the web for validated and relevant 
materials.  
The main contribution of this research is the 
development of a framework combining knowledge 
management techniques, authentication schema and 
ontologies to facilitate a better knowledge exploration 
and absorption by the learners. First, through the 
authentication mechanism, the knowledge provided to 
the users is reliable and correct. This ensures that there 
is no room for making conceptual mistakes by the 
learners. Second the query is integrated with the 
ontologies and LOM to suit the context-specific needs 
of the learner. Third, through the knowledge 
management process and use of ontologies enables up-
to-date creation and maintenance of learning object 
repositories, which facilitates future reusability within 
or outside the course website. Fourth, by extending the 
metadata to include elements like level, relevancy 
ranking types of learning object in a given context will 
cater for differences in levels of learners and type of 
resources to cater for differences in learning styles. 
Relevancy ranking should be based on the judgement of 
the domain expert for a given course rather than on 
other measures. Fifth, the approach facilitates experts in 
the field to provide up-to-date authentication profile to 
take into account the latest developments in a given 
domain. Last, by integrating the local knowledge base 
with the global knowledge base, there is a continuous 
transfer of information explicitly from global to local 
knowledge base. This enlarges the local knowledge 
base with every user’s query.  
 
5. Conclusion and Future Work 
This paper presents conceptual framework for an 
ontology-based knowledge management support for 
provision of access to authenticated learning resources 
to fulfil the needs of learners in exploratory learning 
context in higher educational environment. In this 
framework, use of the instances, properties and 
relationship between the concepts to modify the term 
based query is presented using a small section of 
ontology-based domain example. Authentication 
process enables filtering of the results and the refined 
validated context specific result is expected from the 
outcome. 
A pragmatic approach to the problem of 
information overload is proposed by providing 
authenticated resources based on the authentication 
profile, inference rule and context of learning through 
use of knowledge management techniques and 
ontologies and associated factors. Ontology based 
knowledge retrieval in explorative learning context can 
help in authentication and reusability features. Also the 
collected repository can be used across for other 
courses that require some segments of the course due to 
overlapping of course learning requirements.  
Future research in this area includes the 
identification of other factors as perceived by learners 
and teachers in developing ontology-based knowledge 
management support for learners. Also, there is a need 
to incorporate other learning strategies with this 
approach and enable other context specific relevant 
resources readily available for learners in their pursuit 
of knowledge acquisition. By embedding the learner’s 
styles and preferences in the approach, the refined and 
relevant search results tend to be more adaptive to 
learners requirements. It is also pertinent to identify 
mechanisms to incorporate automatic updating of 
learning object repositories in a given domain, checking 
for outdated links and automatic updating of LOM 
including annotation and authentication details.  
 
References 
Al-Khalifa, H.S. and Davis, H.C. (2006). The evolution of metadata 
from standards to semantics in e-learning applications. In 
Proceedings of The Seventeenth International ACM Conference 
on Hypertext and Hypermedia, Odense, Denmark. 
Beckman, T. (1997). A methodology for knowledge management. In 
Proceedings of IASTED International Conference on Artificial 
Intelligence and Soft Computing. 
Berners-Lee, T.,  Hendler, J. and Lassila, O. (2001). The semantic 
web. Scientific American, 284 (5), 34 - 43. 
Berri, J., Benlamri, R. and Atif, Y. (2006a). Ontology-based 
framework for context-aware mobile learning. In Proceedings of 
IWCMC, 2006, Vancouver, British Colombia, Canada. 
Berri, J., Benlamri, R. and Atif, Y. (2006b). Ontology-based 
framework for context-aware mobile learning. In Proceedings of 
The International Wireless Communications and Mobile 
Computing Conference Vancouver, British Colombia, Canada. 
Bharat, K. (2000). Searchpad: Explicit capture of search context to 
support web search. In Proceedings of The 9th International 
World Wide Web conference, Amsterdam, The Netherlands. 
Biletskiy, Y.,  Vorochek, O. and Medovoy, O. (2004). Building 
ontologies for interoperability among learning objects and 
learners. Lecture Notes in Computer Science, 30 (29), 977-986. 
Bonk, C.J. and Cunningham, D.J. (1998). Searching for learner-
centered, constructivist, socio-cultural components of 
collaborative educational learning tools. in J, B. C. & King, K. S. 
(eds). Electronic collaborations: Learner centred technologies 
for literacy, apprenticeship and discourse. LEA. London. 
Brase, J. and Nejdl, W. (2003). Ontologies and metadata for e-
learning. in Springer Verlag. 579-598. 
Bruner, J. (1960). The process of education. Cambridge, MA: 
Harvard University Press. 
Chakrabarti, S., Van den Berg, M. and Dom, B. (1999). Focused 
crawling: A new approach to topic-specific web resource 
discovery. Computer Networks, 1623-1640. 
Proceedings of the 13th Asia Pacific Management Conference, Melbourne, Australia, 2007, 528-538 
537 
Dalgarno, B. (2001). Interpretations of constructivism and 
consequences for computer assisted learning. British Journal of 
Educational Technology, 22 183-194. 
Davenport, T.H. and Prusak, L. (1998). Working knowledge: How 
organisations manage what they know. Boston: Harvard 
Business School Press. 
Dawson, R. (2000). Knowledge capabilities as the focus of 
organizational development strategy. Journal of Knowledge 
Management, 4 320-327. 
Delteil, A.,  Faron-Zucker, C. and Dieng, R. (2001). Extension of 
RDF(s) with contextual and definitional knowledge. In 
Proceedings of the first Semantic Web Working Symposium, 
California, USA. 
Dewey, J. (1938). Experience and education. New York: MacMillon. 
Downes, S. (2004). Resource profiles. Journal of Interactive Media in 
Education, 5. 
Dreilinger, D. and Howe, A.E. (1997). Experience with selecting 
search engines using metasearch. ACM Trans. on Information 
Systems, 15 (3), 195-222. 
Duval, E. 2002, 1484.12.1 IEEE standard for learning object 
metadata. 
Duval, E. 2006. IEEE standard for learning object metadata (LOM), 
http://itsc.ieee.org/wg12/files/LOM_1484_12_1_v1_final_draft.
pdf>. 
Etzioni, O. and Weld, D. (1994). A soft-bot-based interface to the 
internet. Communications of the ACM, 37 (7), 72-76. 
Fan, W., Gordon, M.D. and Pathak, P. (2000). Personalization of 
search engine services for effective retrieval and knowledge 
management. In Proceedings of International Conference on 
Information Systems, Brisbane, Queensland, Australia. 
Fensel, D. (2002). Ontology-based knowledge management. 
Computer, 35 (11), 56-59. 
Gallie, K. and Joubert, D. (2004). Paradigm shift from traditional to 
online education. Studies in Learning, Evaluation, Innovation 
and Development, 1 (1), 32-36. 
Gonzala, J.,  Verdejo, F.,  Chugur, I. and Cigarran, J. (1998). 
Indexing with wordnet synsets can improve text retrieval In 
Proceedings of Coling-ACL. 
Gruber, T. (1995). Towards principles for the design of ontologies 
used for knowledge sharing. International Journal of Human 
Computer Studies, 43 907-928. 
Guarino, N. (1997). A commentary to "Using explicit ontologies in 
KBS development". International Journal of Human Computer 
Studies 46 (2-3), 293-310. 
Haase, K. (2004). Context for semantic metadata In Proceedings of 
12th ACM International Conference on Multimedia, New York, 
US. 
Hatala, M.,  Wakkary, B. and Kalantari, L. (2005). Ontologies and 
rules in support of real-time ubiquitous application. Journal of 
Web Semantics, Special Issue on " Rules and Ontologies for 
Semantic Web, 3 (1), 5-22. 
Handler, J. (2001). Agents and the semantic web. IEEE Intelligent 
Systems, 16 (2).  
Hodgins, W.H. (ed.) 2000. The future of learning objects, the 
instructional use of learning objects, online version. 
Horrocks, I. and Hendler, J. (2002). The semantic web In Proceedings 
of ISWC 2002. Proceedings of the First International Semantic 
Web Conference, Sardinia, Italy. 
Huang, W.,  Tao, T.,  Hacid, M. and Mille, A. (2003). Facilitate 
knowledge communications in multimedia e-learning 
environments. In Proceedings of MMDB, New Orleans, 
Louisiana, USA. 
Jovanovic, J.,  Gasevic, D. and Devedzic, V. (2006). Automatic 
annotation of content units in tangram. In Proceedings of WWW 
2006, Edinburgh, Scotland. 
Keleberda, I.,  Repka, V. and Biletskiy, Y. (2006). Building learner's 
ontologies to assist personalized search of learning objects. In 
Proceedings of ICEC, Fredericton, Canada. 
Lawrence, S. and Giles, C.L. (1999). Accessibility of information on 
the web. Nature, (400), 107-109. 
Li, Y.,  Chen, X. and Yang, B. (2002). Research on web mining-
based intelligent search engine. In Proceedings of Proceedings 
of the first International Conference on Machine Learning and 
Cybernetics, Beijing. 
Maedche, A.,  Ehrig, M.,  Handschuh, S.,  Volz, R. and Stojanovic, L. 
(2002). Ontology-focused crawling of documents and relational 
metadata. In Proceedings of Proceedings of the Eleventh 
International World Wide Web Conference WWW-2002. 
Mao, M.,  Peng, Y. and He, D. (2006). Dilight: an ontology-based 
information access system for e-learning environments. In 
Proceedings of SIGIR, Seattle, Washington, USA. 
Marshall, B.,  Zhang, Y.,  Chen, H.,  Lally, A.,  Shen, R.,  Fox, E. and 
Cassel, L.N. (2003). Convergence of knowledge management 
and e-learning: The getsmart experience. In Proceedings of 
Third ACM/IEEE-CS Joint Conference on Digital Libraries. 
McBryan, O.A. (1994). Genvl and www: Tools for taming the web. 
In Proceedings of 1st International World Wide Web 
Conference, Geneva, Switzerland. 
Mitri, M. (2003). A knowledge management framework for 
curriculum assessment. Journal of Computer Information 
Systems, 43 (4), 15. 
Nejdl, W. (2002). Semantic web and peer-to-peer technologies for 
distributed learning repositories. In Proceedings of 17th IFLP 
World Computer Congress. 
Nonaka, I.,  Toyama, R. and Konno, N. (2000). Seci, ba and 
leadership: A unified model of dynamic knowledge creation. 
Long Range Planning, 33 (1), 5-34. 
Or-Bach, R. (2005). Educational benefits of metadata creation by 
students. The SIGCSE Bulletin, 37 (4), 93-97. 
Papert, S. (1990). Introduction by seymour papert. in Harel, I. (ed.), 
Constructivist learning. MIT Laboratory. Boston. 
Phillips, J.T. (2000). Will KM alter information managers' roles? 
Information Management Journal, Prairie Village, 34 (3), 58. 
Recker, M. and Wiley, D.A. (2001). A non-authoritative educational 
metadata ontology for filtering and recommending learning 
objects. Interactive Learning Environments, 1, 1-17. 
Richards, G. and Hatala, M. (2005). Linking learning object 
repositories. International Journal of Learning Technology, 1 
(4), 398-409. 
Ronchetti, M. and Saini, P. (2004). Knowledge management in an e-
learning system. In Proceedings of 4th IEEE International 
Proceedings of the 13th Asia Pacific Management Conference, Melbourne, Australia, 2007, 528-538 
538 
Conference on Advanced Learning Technologies, Joensuu, 
Finland. 
Savery, J.R. and Duffy, T.M. (1995). Problem based learning: An 
instructional model and its constructive framework. Educational 
Technology, 35, 31-34. 
Scardamalia, M. and Bereiter, C. (1996). Engaging students in 
knowledge society. Educational Leadership, 54 (3), 6-10. 
Scerri, S.,  Abela, C. and Montebello, M. (2005). Semantexplorer: A 
semantic browser. In Proceedings of IADIS International 
Conference Libson, Portugal. 
Simon, B.,  Miklos, Z.,  Nejdl, W.,  Sintek, M. and Salvachua, J. 
(2003). Smart space for learning: A mediation infrastructure for 
learning services. In Proceedings of Twelfth International 
Conference on World Wide Web, Budapest, Hungary. 
Staab, S. (2004). Handbook on ontologies. Springer. 
Stojanovic, L.,  Staab, S. and Studer, R. (2001). E-learning based on 
the semantic web. In Proceedings of World Conference on 
WWW and the Internet, Florida, USA. 
Studer, R.,  Staab, S.,  Schnurr, H. and Sure, Y. (2001). Knowledge 
processes and ontologies. IEEE Intelligent Systems. 
Sugiura, A. and Etzioni, O. (2000). Query routing for web search 
engines: Architecture and experiments. In Proceedings of the 
9th International World Wide Web Conference, Amsterdam, 
May 15-19. 
Tane, J.,  Schmitz, C. and Stumme, G. (2004). Semantic resource 
management for the web: An e-learning application. In 
Proceedings of WWW 2004, New York, USA. 
Teo, C.B. and Gay, K.L. (2006). Concept map provision for e-
learning. International Journal of Instructional Technology 
Distance Learning, 3 (7), 17-32. 
Theodorakis, M., Analyti, A.,  Constantopoulos, P. and Spyratos, N. 
(2002). Theory of context in information bases. Information 
Systems, 27 (3), 151-191. 
Volery, T. and Lord, D. (2000). Critical success factors in online 
education. The International Journal of Educational 
Management, 14 (5). 
Vygotsky, L.S. (1978). Mind in society: The development of higher 
psychological processes. Cambridge: Harvard University Press. 
 
